INTRODUCTION
The f i e l d of g i a n t resonances i n n u c l e i h a s been s u b s t a n t i a l l y enriched 11-51 during t h e p a s t s e v e r a l y e a r s . I n a d d i t i o n t o o b t a i n i n g more s y s t e m a t i c s f o r t h e more " c l a s s i c a l " modes of e x c i t a t i o n such a s t h e g i a n t d i p o l e and g i a n t quadrupole resonances, new v a r i e t i e s of s p i n and i s o s p i n modes of v a r i o u s m u l t i p o l a r i t i e s have been i d e n t i f i e d . The newer developments have been made p o s s i b l e l a r g e l y by t h e o p e r a t i o n of a c c e l e r a t o r s a t i n t e r m e d i a t e e n e r g i e s (100 5Eprot (MeV) 5 1000) where t h e c h a r a c t e r i s t i c s of t h e p r o j e c t i l e -n u c l e u s couplings a r e somewhat d i f f e r e n t from t h o s e a t lower e n e r g i e s .
At any energy a n important p a r t of i n t e r p r e t i n g t h e e x c i t a t i o n of g i a n t resonances ( o r any o t h e r s t a t e s ) by hadron s c a t t e r i n g is an understanding of t h e i n t e ra c t i o n between t h e p r o j e c t i l e and t h e t a r g e t nucleus. I n a microscopic approach t h i s means knowing t h e p r o j e c t i l e -n u c l e o n coupling a t t h e energy of i n t e r e s t . Loosely speaking, two types of microscopic approaches have been pursued.
The f i r s t 161 is purely e m p i r i c a l and c o n s i s t s of c a l i b r a t i n g some simple i n t e r a c t i o n by ins i s t i n g t h a t i t d e s c r i b e t h e e x c i t a t i o n of well-known low-lying s t a t e s of t h e same symmetry ( s p i n , i s o s p i n , e t c . ) a s t h e g i a n t resonance t o b e s t u d i e d . With t h e prol i f e r a t i o n of g i a n t resonances of d i f f e r e n t m u l t i p o l a r i t y , s p i n and i s o s p i n , t h i s purely e m p i r i c a l approach becomes awkward and t o some e x t e n t i m p r a c t i c a l . I n t h e second approach one a t t e m p t s t o d e r i v e t h e p r o j e c t i l e -n u c l e o n coupling from more "basic" p r i n c i p l e s o r d a t a . I n t h e c a s e of proton s c a t t e r i n g , which i s emphasized h e r e , t h i s coupling is based on nucleon-nucleon (ii-N) d a t a and is obtained from e i t h e r t h e f r e e N-N t-matrix / 7 , 8 / o r a density-dependent G-matrix /9,10/. I n p r i n c i p l e t h i s second approach i s much more s a t i s f a c t o r y ; i n p r a c t i c e i t i s a l s o monitored by comparison w i t h t h e e x c i t a t i o n of low-lying s t a t e s having r e l a t i v e l y well-known t r a n s i t i o n d e n s i t i e s 151. Only t h e second approach w i l l be considered here. I n s e c t i o n 2 some of t h e primary elements f o r d e s c r i b i n g nucleon-nucleus s c a tt e r i n g a r e discussed b r i e f l y . I n s e c t i o n 3 e f f e c t i v e i n t e r a c t i o n s based on t h e f r e e t-matrix and a density-dependent G-matrix /lo/ a r e considered and some of t h e i r most important c h a r a c t e r i s t i c s a r e examined. I n s e c t i o n 4 mostly i s o s c a l a r spin-independent e x c i t a t i o n s a r e s t u d i e d . I n s e c t i o n 5 charge exchange r e a c t i o n s a r e considered and i n s e c t i o n 6 s p i n e x c i t a t i o n s a r e discussed b r i e f l y .
SOME GENERAL CONSIDERATIONS
The i n t e r p r e t a t i o n of n u c l e a r e x c i t a t i o n s r e q u i r e s t h e c a l c u l a t i o n of a p r o j e c t i l e -n u c l e u s t-matrix which i n t h e s i n g l e -s c a t t e r i n g distorted-wave approximation considered h e r e is given by where t h e x(') denote t h e d i s t o r t e d waves and V i p is t h e e f f e c t i v e i n t e r a c t i o n between t h e p r o j e c t i l e and each t a r g e t nucleon. The i n i t i a l a&final t a r g e t and 2.1. T r a n s i t i o n p o t e n t i a l s and t r a n s i t i o n d e n s i t i e s To i l l u s t r a t e more e x p h p i t l y t h e r a t h e r g e n e r a l way i n which n u c l e a r s t r u c t u r e e n t e r s t h e c a l c u l a t i o n of TFI i t i s convenient t o introduce a t r a n s i t i o n p o t e n t i a l which i s t h e t a r g e t matrix element i n Eq. (1). I n u a r t i c u l a r , which may be r e w r i t t e n a s :
where p , ( r ) is t h e nuclear t r a n s i t i o n d e n s i t y defined by I I The s p i n and i s o s p i n dependence of V i e introduces o t h e r d e n s i t i e s . A s long a s t h e probe a c t s a s a one-body o p e r a t o r i n the t a r g e t ' s p a c e t h e t r a n s i t i o n d e n s i t y cont a i n s a l l of t h e n u c l e a r s t r u c t u r e information which e n t e r s t h e t r a n s i t i o n 1'1'. Of course d i f f e r e n t probes sample t h e t r a n s i t i o n d e n s i t y d i f f e r e n t l y and t h i s makes them complementary. This same complementarity r e q u i r e s t h a t c a r e must be exercised when comparing s t r e n g t h s obtained from t h e use of d i f f e r e n t probes.
Momentum space c o n s i d e r a t i o n s
Some of t h e most important f e a t u~e s~o f t h e t r a n s i t i o n amplitude a r e b e t t e r i l l u s t r a t e d i n momentum space. I f V(rp-r) i n Eq. (3) is expressed i n terms of i t s ( 8 ) , t h e f i n i t e s i z e of P C ( r ) i s seen t o suppress t h e h i g h e r momentum t r a n s f e r s i n t h e s i n g l e s c a t t e r i n g of a composite p r o j e c t i l e r e l a t i v e t o t h o s e allowed i n nucleon s c a t t e r i n g .
By i n s e r t i n g Eq. interactions may also depend on the local density /lo/. When Vip of Eq. (11) is regarded as including the knock-on exchange terms, each column the contributing parts of Vip to excitations of specific S and T transfers to the target. Note that in general vLS contributes to both S=O and S=1 excitations 1151; v C O~~ has been included for completeness. (It should be stressed that the interaction strengths given in refs. 8 and 10 assume that the knock-on exchange terms will be included explicitly.)
For future reference it is convenient to write Vip in terms of the linear (q), orbital (L), spin (S), and total (J) angular momentum which it can transfer to the target in a single step. To do this we introduce the elementary tensors and for simplicity restrict consideration to the central parts of Vip; the spinorbit and tensor parts of Vip are discussed in more detail in ref. 5 . In terms of these tensors
where isospin indices have been suppressed for brevity. For a given L, S, J and (local) momentum transfer q, E~sj(i) is the operator to which the nuclear structure is sensitive, and for small q this operator is proportional to the multipole operator rL(yL @ 0~)~ occuring in long-wavelength electromagnetic processes.
Free N-N t-matrix interactions
Where applicable an effective interaction based directly on the free N-N tmatrix provides one of the simplest approaches for obtaining the projectile-nucleus coupling. This approach is especially appealing for the study of giant resonances where the primary objective is to extract nuclear structure information. This approach bypasses in an approximate way many of the difficulties /9,10/ associated with constructing and applying a N-N potential. Unfortunately, the impulse approximation (IA) is not expected to be reliable for proton bombarding energies (Ep) below -100 MeV and for certain classes of transitions, namely S=T=O, a number of corrections to the IA have been found necessary /10,16/ at even higher energies (see sect.
4). Despite their limited realm of quantitative validity, effective interactions
based on the free N-N t-matrix provide useful insights into trends which may be expected in nucleon-nucleus scattering.
The steps in obtaining an effective interaction like that in Eq. (11) from free N-N scattering amplitudes are described in detail in ref. 8 . The net result /8/ at each energy is a sum of Yukawa terms for representing VC and vLS and r2 times a sum of Yukawa terms for vT. Sorne of the most important characteristics of the t-matrix interaction can be illustrated by plotting the moduli of its anti-symmetrized matrix elements (tNN) in momentum space in the nucleon-nucleus system /8/ against momentum transfer ( q ) , projectile kinetic energy (Ep) and spin and isospin transfers (S and T). The most s o p h i s t i c a t e d (and i n p r i n c i p l e t h e most r e l i a b l e ) e f f e c t i v e i n t e r a ct i o n s c o n s t r u c t e d t o d a t e a r e t h o s e d e r i v e d from G-matrices based on r e a l i s t i c N-N p o t e n t i a l s and c a l c u l a t e d i n t h e presence of n u c l e a r m a t t e r where one of t h e two i n t e r a c t i n g nucleons has energy g r e a t e r t h a n t h e Fermi energy. These G-matrices a r e o b t a i n e d by s o l v i n g t h e Bethe-Goldstone e q u a t i o n a t a number of d i f f e r e n t v a l u e s of t h e nucleon d e n s i t y o r Fermi momentum (p = 2k$/3v2).
The d e n s i t y dependence a r i s e s from t h e l i m i t a t i o n of s c a t t e r i n g t o unoccupied i n t e r m e d i a t e s t a t e s and from t h e s i n g l e p a r t i c l e e n e r g i e s which depend on t h e Fermi energy through t h e s i n g l e part i c l e p o t e n t i a l /9,10/ i n which t h e nucleons move. The d e n s i t y dependence g e t s weaker with i n c r e a s i n g bombarding energy where t h e f r a c t i o n of i n t e r m e d i a t e s t a t e s excluded by t h e P a u l i p r i n c i p l e d e c r e a s e s and t h e k i n e t i c energy dominates t h e s i n g l e p a r t i c l e e n e r g i e s . There are, however, both proton and neutron transition densities pp and pn. For N=Z nuclei these are usually assumed to be related by pn = ! o r collective modes in heavier nuclei one often assumes pn = (N/Z)pp so that if pp is known, say from electron scattering, pn can be fixed.
To implement the above ideas it is convenient to rewrite the transition densities in Eqs. (4, 7) in terms of their radial parts. Using the multipole expansion of we find:
is the radial transition density and the reduced matrix elements are in the convention of ref. 22 . The corresponding "radial" part of bItI(<) in Eq. (7) is For purposes of testing or calibrating an effective interaction it is useful (if not essential) to compare hadron scattering with results using electromagnetic probes for rhe same transition. For natural parity transitions the common ingredient is the proton transition density. For inelastic electron scattering the square of the longitudinal form factor is to a good approximation given by where PJ,~(~) is the proton point density of Eq. (16) and fp(fn) is the intrinsic charge form factor of the proton (neutron) /12/. Similarly, the B(EJ) is given by Eqs. (17, 18) provide important constraints on P J ,~; when supplemented by isospin considerations such as discussed earlier p~,, is also determined.
Two different models /2/ which require explicit knowledge of the effective interaction are often used. The first is a fully microscopic treatment in which pJ(r) is obtained by a shell model diagonalization or an RPA calculation and is given by .,<?ere R is the full radial part of the single particle (or hole) wave function and A+ creates a particle(j2)-hole(jl) pair coupled to angular momentum J. For very c o l l e c t i v e s t a t e s , i n c l u d i n g g i a n t resonances, where f u l l y microscopic t r a n s i t i o n d e n s i t i e s may b e u n a v a i l a b l e , a deformed d e n s i t y model /2/ i s o f t e n used. I n one v e r s i o n of t h i s model t h e t r a n s i t i o n d e n s i t y p j , i ( i = p o r n) is taken t o b e where pgS i s t h e ground s t a t e d e n s i t y and SJ ( t h e deformation l e n g t h ) is obtained from t h e B(EJ) o r from t h e l o n g i t u d i n a l e l e c t r o n s c a t t e r i n g form f a c t o r v i a Eqs. (17,18) . The proton p o i n t t r a n s i t i o n d e n s i t y may b e determined even more d i r e c t l y when t h e charge t r a n s i t i o n d e n s i t y i s a v a i l a b l e by unfolding t h e n u c l e o n ' s charge d i s t r i b u t i o n a s implied i n Eq. (17). I n t h e n e x t two s e c t i o n s we apply t h e above i d e a s t o t h e e x c i t a t i o n of lowl y i n g n a t u r a l p a r i t y s t a t e s i n 12c and 2 0 8~b where r e l a t i v e l y r e l i a b l e t r a n s i t i o n Although "C i s q u i t e removed from i n f i n i t e n u c l e a r m a t t e r t h i s t r a n s i t i o n was chosen because i t s proton t r a n s i t i o n d e n s i t y and ground s t a t e d e n s i t y a r e w e l l e s t a b l i s h e d over a wide range of momentum t r a n s f e r and pn = $ f o r N=Z n u c l e i . Fig. 4 .) This is i l l u s t r a t e d e x p l i c i t l y i n Fig. 5 a
t o t h o s e c a l c u l a t e d w i t h t h e f r e e t-matrix i n t e r a c t i o n . The broader peak p r e d i c t e d by t h e G-matrix c a l c u l a t i o n s may b e t r a c e d t o t h e enhancement (suppression) of l a r g e (small) momentum t r a n s f e r s r e l a t i v e t o t h e t-matrix calculat i o n s noted by Kelly 1161. (See

t 200 MeV where t h e c e n t r a l c o n t r i b u t i o n alone (GVPHC) is shown. This same curve a l s o i l l u s t r a t e s t h e importance of t h e N-N s p i n -o r b i t i n t e r a c t i o n a t t h i s energy; even a t t h e peak c r o s s s e c t i o n i n c l u s i o n o f vLS roughly doubles t h e c a l c u l a t e d cross s e c t i o n and t h i s has important i m p l i c a t i o n s f o r t h e study of g i a n t resonances.
The N-N s p i n -o r b i t terms i n t h e t-matrix and G-matrix i n t e r a c t i o n s a r e q u i t e s i m i l a r .
As expected, t h e s e shape d i f f e r e n c e s between t h e IAPH and GWH c a l c u l a t i o n s a r e r e l a t i v e l y s m a l l n e a r 400 MeV where t h e shape and magnitude of t h e IAPH c r o s s s e c t i o n a r e i n s l i g h t l y b e t t e r agreement w i t h t h e d a t a .
It has been noted /16/ t h a t b e t t e r agreement between c a l c u l a t e d and measured observables The phenomenological o p t i c a l model parameters a t 135 MeV were obtained by ref i t t i n g t h e e l a s t i c s c a t t e r i n g d a t a of S c o t t e t a l . mentioned i n r e f . 26. A t 200 and 334 MeV t h e parameters were provided by P. Schwandt and a t 800 MeV we used parameter s e t 11 of r e f . 28.
Two d i f f e r e n t t r a n s i t i o n d e n s i t i e s were used. One i s from a n P A c a l c u l a t i o n by t h e Jiilich group. The o t h e r is a phenomenological d e n s i t y i n which t h e proton p a r t was obtained d i r e c t l y from ( e , e l ) measurements 1251 a f t e r unfolding t h e charge d i s t r i b u t i o n s of t h e proton and neutron; t h e neutron p o i n t d e n s i t y was assumed t o s a t i s f y The c o n s t a n t u was a d j u s t e d 1281 u n t i l t h e ( p , p l ) c r o s s s e c t i o n a t 800 MeV was des c r i b e d i n t h e d i s t o r t e d wave impulse approximation (DWIA). The v a l u e o f u i s 1.1 r e f l e c t i n g a n e a r l y pure c o l l e c t i v e e x c i t a t i o n i n t h e hydrodynamical sense. Calcul a t i o n s using t h e s e two d e n s i t i e s a t 800 MeV a r e shown i n Fig. 6 . The unadjusted J S l i c h t r a n s i t i o n d e n s i t y l e a d s t o c r o s s s e c t i o n s (denoted by B i n Fig. 6 ) which f a l l o f f somewhat too r a p i d l y with a n g l e and which a r e s l i g h t l y s h i f t e d forward r e l a t i v e t o t h e d a t a . The phenomenological t r a n s i t i o n density(A) y i e l d s an excell e n t d e s c r i p t i o n of t h e shape and magnitude of t h e experimental d a t a . This shape d i f f e r e n c e a r i s e s from t h e shape and magnitude d i f f e r e n c e s between t h e neutron t r a n s i t i o n d e n s i t i e s i n t h e J i i l i c h and phenomenological d e n s i t i e s . The J i i l i c h neutron t r a n s i t i o n d e n s i t y peaks a t a l a r g e r r a d i u s t h a n t h e proton t r a n s i t i o n dens i t y ; i n terms of t h e r3y3 moments, a i n Eq. (21) i s 1.02 f o r t h e J i i l i c h t r a n s i t i o n density. The phenomenological t r a n s i t i o n d e n s i t y was used below 800 MeV.
At 135 MeV n e i t h e r t h e G-matrix nor t-matrix c a l c u l a t i o n provides a good des c r i p t i o n of t h e d a t a when t h e phenomenological (Woods-Saxon) o p t i 5 8 1 p o t e n t i a l i s used.
(The squares a r e a c t u a l l y d a t a I261 f o r t h e L=3 doublet i n 7~b . ) From The value of 6R a t 334 (800) MeV i s lower (higher) than t h i s average by 1 4 (17)%.
Values of 6R a t t h e o t h e r e n e r g i e s a r e w i t h i n -5% of t h e average.
Assuming t h a t t h e d a t a considered a r e properly normalized, t h e 2 0 8~b r e s u l t s i n Table 1 
ISOVECTOR EXCITATIONS: NUCLEON CHARGE EXCHANGE REACTIONS
The nucleon charge exchange r e a c t i o n s (p,n) and (n,p) a r e e s p e c i a l l y s e l e c t i v e because only i s o v e c t o r n u c l e a r e x c i t a t i o n s a r e allowed. This renders t h e S=O, T=O p a r t of t h e N-N i n t e r a c t i o n , which dominates t h e ( p Y p 1 ) spectrum a t small momentm t r a n s f e r s i n o p e r a t i v e (see Fig. 1 ) . Moreover, s i n c e most of t h e ( p y n ) d a t a /31/ a t i n t e r m e d i a t e e n e r g i e s have been taken a t forward a n g l e s where t h e momentum t r a n s f e r I n summary, t h e s i n g l e l a r g e s t u n c e r t a i n t y i n a microscopic d e s c r i p t i o n of t h e e x c i t a t i o n of t h e s t a t e s considered h e r e i s t h e choice of d i s t o r t e d waves, e s p e c i a l l y below 300 MeV. This same u n c e r t a i n t y l i m i t s t h e q u a n t i t a t i v e v a l i d i t y of a microscopic s t u d y of o t h e r s t a t e s i n c l u d i n g g i a n t resonances. There does appear t o b e some p r e f e r e n c e f o r a folding-model t y p e of o p t i c a l p o t e n t i a l , e s p e c i a l l y when a n a l y z i n g power d a t a a r e included.
It should be s t r e s s e d t h a t no v a r i a t i o n of t h e G-matrix f o l d e d o p t i c a l p o t e n t i a l s h a s been made h e r e ; perhaps t h a t i s t o o res t r i c t i v e a t t h i s time. 
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